3GPP TSG RAN WG1 Meeting #92bis


Sanya, China, April 16th – April 20th, 2018
Agenda Item:
7.2.2
Source:
China Unicom
Title:
Consideration of compact DCI design for URLLC

Document for:
Discussion

1. Introduction

The requirement of reliability and latency for URLLC is defined in TR 38.913 [1].
· For reliability, the target is 99.999% with a User Plane latency of 1ms with the packet size of 32 bytes
· For latency, the target is 0.5ms for both DL and UL end-to-end transmission

During SI phase, the following agreements were made on PDCCH for URLLC: 
To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported

· Defining a compact DCI format targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements

At RAN #78, the scope for URLLC work in Rel-15 was endorsed in [1] and the following was agreed to be included

· Study and specify if gains are identified
· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data
In this contribution, we provide our views on DCI format design for URLLC. 

2. DCI format design
The bit fields in DCI format 0_0 and DCI format 1_0 need to be fixed because they will be used for UEs before RRC configuration. For URLLC, some of the bit fields in the DCI should be configurable. For example, the HARQ process field can be configured to be smaller if peak data rate is not required. As another example, the time domain resource allocation can be configured by higher layers such that there is no need to set a fixed size for these bit fields. Further details are discussed in the following. In summary, it is beneficial and feasible to adopt a different DCI format with a smaller DCI payload size than DCI format 0_0 and DCI format 1_0 unicast data.
Proposal 1: Support a new DCI format(s) design that has a smaller DCI payload size than DCI format 0_0 and DCI format 1_0 unicast data for URLLC. 
In order to keep a compact DCI for URLLC, we provide our views on the bit fields of compact DCI which can be reduced compared to DCI format 0_0 and DCI format 1_0
Frequency domain resource allocation: Considering usually URLLC data packets need to be transmitted with a very robust MCS scheme due to the tight requirements on latency and reliability and hence more resource blocks are needed. In this case the flexibility of resource allocation becomes less critical, and a coarser granularity of RBG is acceptable. It is most likely that relative larger allocation in frequency domain would be used. Accordingly, the RA field bit-width could be reduced by increasing the scheduling granularity
Time domain resource allocation: For time domain resource allocation, the DCI shall provide an index into a UE-specific table giving the K0, OFDM starting symbols and duration, and PDSCH mapping type used for the PDSCH transmission. The table should be configured by RRC signaling, and it is up to 16 rows. With a smaller scheduling granularity, the time domain resource allocation table configured for URLLC can be small, i.e. 4 rows out of 16. So the bit-width can be reduced in compact DCI to indicate the time domain resource allocation. 
MCS: Modulation order may be restricted to QPSK or alternatively, no higher than 16QAM; similarly, code rates may be limited to a lower value. Accordingly, the MCS field bit-width could be reduced.
HARQ process number: It was agreed that 4-bit should be fixed in fallback DCI or non-fallback DCI. Since URLLC has shorter HARQ processing timeline, it is unnecessary to utilize all HARQ processes, the bit-width can be reduced.
HARQ-ACK timing: It was agreed that 3 bits are used to indicate K1 slot-timing in normal DCI. For URLLC, a fast HARQ RTT is preferred, thus the bit-width can be reduced.
Our views on the compact DCI design are summarized in the table 1 as follow:
Table 1 compact DCI design for URLLC

	Fields
	Proposals

	Resource allocation in frequency domain
	Reduced

	Resource allocation in time domain
	Reduced

	Modulation and coding scheme
	Reduced 

	HARQ process number
	Reduced

	HARQ-ACK timing:
	Reduced


Oberservation1: Some bit fields for the compact DCI design can be smaller than them for the DCI format 0_0 and DCI format 1_0 , such as the frequency/time domain resource allocations, MCS, HARQ process number, HARQ-ACK timing.
3. Conclusion
In this contribution, we provide our view on the compact DCI design for URLLC and have the following proposal and observation:
Proposal 1: Support a new DCI format(s) design that has a smaller DCI payload size than DCI format 0_0 and DCI format 1_0 unicast data for URLLC.

Oberservation1: Some bit fields for the compact DCI design can be smaller than them for the DCI format 0_0 and DCI format 1_0 , such as the frequency/time domain resource allocations, MCS, HARQ process number, HARQ-ACK timing.
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